Introduction
Gout, a common rheumatic disease in the USA, has a self-reported prevalence of ~8. Gout is caused by monosodium urate crystal deposition in synovial fluid and other tissues that occurs as a result of elevated serum urate concentrations. Half of US adults with gout have an indication for urate-lowering therapy (ULT), and two-thirds have a serum uric acid (sUA) level above target (≥6 mg/dL). 2 Failure to achieve sUA target can lead to increased flare risk, tophaceous gout, and joint damage.
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Sheer et al Current clinical guidelines specified by the 2012 American College of Rheumatology suggest the use of xanthine oxidase inhibitor therapy with either allopurinol or febuxostat as first-line pharmacologic ULT for patients to achieve a minimum sUA goal <6 mg/dL. In individuals with greater disease severity and urate burden such as presence of tophi, a further reduction in sUA to <5 mg/dL may be needed to improve gout signs and symptoms. 5 In some patient populations with gout, like those with chronic kidney disease, there is evidence to suggest that febuxostat may positively impact renal function. 6, 7 Additionally, febuxostat as firstline therapy was found to be less expensive compared to allopurinol for total cost of care. 8 In another published study, older patients (age) and women (sex) were associated with a greater likelihood of reaching sUA goal, while patients with higher Charlson Comorbidity Index scores, blacks, and those with a low estimated glomerular filtration rate (GFR) had a reduced likelihood of attaining sUA goal. 9 Hatoum et al in comparing real-world effectiveness between febuxostat and allopurinol found that patients initiating febuxostat had more comorbidities compared to those on allopurinol, including lower GFRs, more diabetes mellitus, and greater likelihood of having gouty tophi. 9 Similar findings were reported by Kim et al, wherein patients receiving febuxostat had more comorbidities, greater health care utilization, and were prescribed a higher number of gout-related medications compared with patients receiving allopurinol or colchicine. 10 Although published studies provide evidence of effectiveness of febuxostat in achieving sUA goal, further evidence is needed to determine the predictors of attaining sUA goal among users of febuxostat. A predictive model using realworld data may aid clinicians in identifying the appropriate patients likely to respond to febuxostat, and thereby improve the number of patients who achieve sUA <6 mg/dL. Therefore, the objective of this study was to identify clinical characteristics of patients treated with febuxostat to develop and validate a predictive model for achieving a goal sUA <6 mg/dL.
Materials and methods
Data source
The study sample was selected from a health and well-being company serving millions of people across the country through Medicare Advantage, stand-alone Prescription Drug Plan, and commercial plan offerings. This database contains integrated medical claims, pharmacy claims, laboratory claims, and enrollment data, representing over 20 million current and former people with Humana insurance. The database has national coverage with a high proportion of persons from Texas, Florida, and Ohio and is one of the largest Medicare Advantage claims databases in existence. For this study, Humana commercial and Medicare Advantage populations in a limited dataset were examined. The full study period was from February 1, 2008, through December 31, 2014. The final research protocol was approved by Schulman Institutional Review Board. The data were anonymized to protect subject privacy in compliance with Health Insurance Portability and Accountability Act regulations.
Study population
The study population consisted of persons in commercial and Medicare Advantage plans, aged 18-89 years, who initiated therapy on febuxostat between February 1, 2009, and December 31, 2013. The first febuxostat prescription was considered the index date. Eligible patients were required to have at least 12 months of continuous enrollment before (pre-index period) and after (post-index period) the index date, a gout diagnosis during the pre-index period or within 30 days after index, a valid baseline sUA test result on or before index, and a valid sUA test result at least 120 days after index. Patients with an allopurinol claim during the post-index period or at least one of the following during preindex were excluded from study eligibility: Stage 5 chronic kidney disease, evidence of an organ transplant, a diagnosis or therapy for human immunodeficiency virus/acquired immune deficiency syndrome, use of pegloticase within 2 months prior to index, or a cancer diagnosis without any other gout medications at any time during the 24-month study period.
Among the eligible patients, the first valid sUA test result at least 120 days after the index date, but within 365 days post-index, was collected and used to determine whether patients attained a goal sUA <6 mg/dL. The study sample was then divided into two cohorts: those who achieved sUA goal and those who did not.
Study variables
Descriptive measures were reported for each cohort. These included demographic characteristics such as age at index date, gender, race (only available in the Medicare population), and geographic region. Baseline comorbidities, including chronic kidney disease, hypertension, type 2 diabetes, coronary artery disease, congestive heart failure, stroke, hyperlipidemia, and peripheral vascular disease, were captured over the 12-month pre-index period, as was the presence of gouty tophi, the number of gout flares, the Deyo-Charlson comorbidity index, 11 and RxRisk-V composite risk score.
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Statistical analysis
T-tests and nonparametric tests were used to compare continuous measures across the two cohorts, and chi-square tests were used for categorical measures. All measures with a p-value <0.2 or deemed to be clinically relevant were included in the initial models. PDC was calculated using the following formula: PDC = Total number of days for which febuxostat medication was available to the patient from index through date of first sUA test result/Days from index date through first sUA test result.
The minimum value for the denominator was 120, because only sUA test results at least 120 days after index were considered. The maximum value was 365. For patients with overlapping prescriptions (i.e., having a prescription filled before the days' supply of the previous script ran out), the PDC method adjusts the start date of the new prescription to begin the day after the prior prescription's days' supply ended.
Predictive modeling
The study sample was divided using a 2:1 ratio into a training (development) dataset and a validation (holdout) dataset. Separate logistic and linear regression models were developed using the training dataset. The logistic model was developed to predict the probability of attaining sUA goal; the linear model was designed to examine the impact the predictor variables would have on the sUA level itself. The dependent variable in both instances was the sUA value associated with the first valid sUA test result at least 120 days after the index date. Seventeen input variables were considered for the initial models: age, gender, and race; presence of coronary artery disease, stroke, hyperlipidemia, peripheral vascular disease, congestive heart failure, chronic kidney disease, hypertension, and type 2 diabetes; baseline sUA, days on febuxostat therapy, febuxostat PDC, index dose of febuxostat, use of allopurinol in the pre-index period, and the RxRisk-V comorbidity score.
The logistic model employed multivariable stepwise logistic regression with backward elimination. A p-value of <0.2 was required for each variable for retention in the model. For each variable in the final logistic model, parameter estimates (PE), odds ratios (ORs), 95% CIs, and p-values were reported. Additionally, the area under the curve, concordance statistics (c-statistics), and Hosmer-Lemeshow goodness-of-fit statistics were reported. The linear model used a similar multivariable stepwise approach, also with a p-value of <0.2 for retention in the model. PE, 95% CIs, and p-values were presented for each variable in the final linear model. The R-square and F-values were reported as well. The logistic and linear final models were both run on the validation dataset, with similar performance and fit statistics being reported. Receiver operator characteristic (ROC) curves were generated for the logistic model. Additional tests for model robustness were employed by limiting the pre-index data capture period from 365 to 180 days, and then rerunning the final models to check for stability among PE.
Results
Attrition and baseline characteristics
A total of 678 eligible patients met all inclusion criteria and were identified for the study sample (Table 1) . Among these patients, 356 met the sUA goal <6 mg/dL, while 322 had an sUA ≥6 mg/dL. Demographics, baseline clinical measures, and febuxostat therapy statistics were reported for each of these two cohorts in Table 2 . The mean age was comparable between the groups who achieved vs. did not achieve sUA goal (68.8 vs. 67.9 years, p=0.30), as was the percentage of female patients (36.5% vs. 38.5%, p=0.59) and patients residing in the South (81% for both, p=0.97). The distribution of race was marginally different between the two groups (64% vs. 57% white; p=0.055). The Deyo-Charlson comorbidity index (2.3 vs. 2.4, p=0.72) and RxRisk-V score (7.8 vs. 8.0, p=0.36) were comparable between the two groups.
Measures that were different between those who met and those who did not meet sUA goal included adherence to febuxostat therapy (PDC of 0.82 vs. 0.59; p<0.01), total days on febuxostat therapy (171 vs. 126, p<0.01), baseline sUA level (7.9 vs. 8.8 mg/dL, p<0.01), and index febuxostat dose of 40 mg (68% vs. 77%, p=0.01). Also notable was the number of patients with type 2 diabetes (44% vs. 50%, p=0.09). Two additional variables (hypertension, p=0.16 and congestive heart failure, p=0.13) had a p-value <0.2 ( Table 2) . Ten additional measures were considered for the models based submit your manuscript | www.dovepress.com
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Sheer et al on general relevance to attaining sUA goal: age, gender, race, RxRisk-V score; presence of coronary artery disease, chronic kidney disease, stroke, hyperlipidemia, and peripheral vascular disease; and the use of allopurinol in the pre-index period.
Baseline demographics and clinical characteristics for the training and validation samples are included in Tables S1 and  S2 . Using the training sample (n=453), a logistic regression model was developed (Table 3) . Among the 17 variables included in the initial model, three were retained in the final model: febuxostat PDC (OR=1.03, 95% CI 1.02-1.04, p<0.01), baseline sUA level (OR=0.84, 95% CI 0.77-0.91, p<0.01), and allopurinol use pre-index (OR=0.72, 95% CI 0.48-1.10, p=0.13). A robustness test was implemented by rerunning the final model on the training dataset, but using only 180 days of data capture instead of the full 365 days prior to the index date. The 180-day model estimates were comparable to the 365-day base model. Febuxostat PDC (OR=1.03, 95% CI 1.02-1.04, p<0.01) and baseline sUA level (OR=0.83, 95% CI 0.75-0.91, p<0.01) were nearly identical; allopurinol use had a stronger negative association with achieving sUA goal (OR=0.58, 95% CI 0.38-0.90, p=0.02).
The linear regression model was run on the training sample using the same 17 input variables as the logistic model; five were retained in the final model. A similar robustness test using data collected over a 180-day pre-index period was employed for the linear model, and the PE were similar to the 365-day base model. Febuxostat PDC and baseline sUA level remained the strongest predictors (p<0.01 for both). An increase of one percentage point in febuxostat PDC was associated with a decrease in sUA level by 0.04 units. Age (p<0.01) and congestive heart failure (p=0.04) were also statistically significant, and pre-index allopurinol use (p=0.06) was marginally significant (Table 4) .
Performance and fit were assessed for both the logistic and linear models. The logistic model developed on the training dataset had a c-statistic of 0.73 and a goodness-of-fit statistic of 2.92 (p=0.94). This model was then validated in the holdout sample (n=225) and achieved similar performance metrics (c-statistic=0.78; goodness of fit=3.82, p=0.87). The final linear model had an R-square of 0.31 (adjusted R-square of 0.30) and an F-statistic of 40.3 (p<0.01); when run on the validation sample, the model had similar performance, with an R-square of 0.33 (adjusted R-square of 0.32) and an F-statistic of 103.4 (p<0.01) ( Table 5) . For the logistic model, ROC curves were generated for both the training and validation datasets, with both indicating strong model performance (Figure 1 ). 
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Discussion
This study highlights the predictors associated with attaining sUA goal (<6 mg/dL) among febuxostat users diagnosed with gout in a real-world setting. The main predictors of attaining sUA goal <6 mg/dL were febuxostat adherence (positive association), baseline sUA level (negative association), and prior allopurinol use (negative association), estimated by both logistic and linear regression models. Age (positive association) and presence of congestive heart failure (negative association) were found to be significant predictors in the linear model.
The overall results of this study are consistent with findings from prior claims-based analyses. These prior studies helped to inform the variables to be included as model inputs for this study. Kim et al in a population-based cohort study described clinical characteristics and health care utilization of patients with gout before and after initiating allopurinol, febuxostat, or colchicine. Among patients who had a baseline sUA >6.8 mg/dL, the mean (±SD) change in uric acid levels was −2.6 (±2.3) mg/dL in febuxostat initiators. Moreover, 56% of febuxostat users achieved the target sUA level. 10 A similar trend was seen in a study by Hatoum et al; at the 2-year 
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Sheer et al follow-up post-initiation of ULT, 58.2% of febuxostat users reached the target sUA goal (<6 mg/dL). 9 The most recent study confirming these findings, Singh et al, reported that 56.9% of febuxostat users attained the <6 mg/dL goal and 35.5% attained the <5 mg/dL goal. 14 Among allopurinol users, male gender has been associated with decreased compliance and increasing age has been associated with increased compliance. 15 Older patients and women 9, 16 were more likely to reach target sUA goal, and patients with higher baseline sUA were less likely to reach goal in other studies. 9 Similarly, the linear regression model in this study showed evidence that in patients using febuxostat, increased age was associated with a decrease in sUA level, even when controlling for PDC. Patients using febuxostat in this study population had multiple comorbidities (see DCI and RxRisk-V scores in Table 2 ) with hypertension, hyperlipidemia, and type 2 diabetes being the most prevalent. A similar patient profile was seen in the Kim et al study, where users of febuxostat had more comorbidities (cardiovascular disease, heart failure, and chronic kidney disease) than allopurinol or colchicine initiators. 10 Hatoum et al observed that febuxostat was prescribed for the more severe patients compared to allopurinol users, with a higher proportion of patients treated with febuxostat reporting baseline sUA >9 mg/dL compared to patients treated with allopurinol. Moreover, patients treated with allopurinol who switched to febuxostat after failing to reach goal were more likely to reach goal on febuxostat than those who were maintained on allopurinol. 9, 16 In our study, patients treated with allopurinol in the pre-index period fared worse than those without prior allopurinol use, which may be indicative of treatment resistance or disease severity for patients previously treated with allopurinol. Further research will be needed, comparing these patients to other patients treated with allopurinol, to determine whether failing allopurinol is an indicator of being difficult to treat long-term.
Febuxostat adherence was found to be a significant predictor in attaining sUA goal in both the logistic and linear regression models. Adherence to febuxostat showed a positive relationship with uric acid levels in patients who attained sUA goal <6 mg/dL as well as the more stringent goal sUA 
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Uric acid goal predictors with febuxostat <5 mg/dL. Although low compliance with allopurinol has been reported (average noncompliance of 44% of their treatment period), 15, 17, 18 the effect of compliance on attaining sUA goal has not been studied among these patients, 19 restricting comparisons with febuxostat users.
These study findings may help clinicians identify appropriate patients who are most likely to benefit from treatment with febuxostat, taking into account the predictors to help patients achieve target sUA level. This is not to say that individuals with higher baseline sUA, allopurinol-refractory hyperuricemia, and congestive heart failure would not benefit from febuxostat use. To the contrary, these cases would likely benefit even though they may not compare as favorably to the general population because they are more difficult to treat. Similarly, confounding may have the consequence that older patients would benefit more than younger patients. Although not evaluated in the current study, these findings warrant further research.
In this study, several clinical variables were examined and febuxostat adherence was a significant predictor of reaching sUA goal. Recognizing that less than half of patients with gout are adherent to therapy in a real-world setting, 20 this study underscores the importance of medication adherence in this patient population. Also, within this patient population Limitations common to studies using administrative claims data apply to this study. These include lack of certain information in the database (e.g., socioeconomic factors and health behavior information) and errors and omissions in claims coding. Generalizing the study findings to the US population should be approached with caution. Even though study subjects were selected from the membership of a national health plan, the geographic distribution is unbalanced, with the largest number of persons in the Southern region, fewer in the Midwest region, and a much smaller number in the West and Northeast. Presence of multiple comorbidities in the study population indicates other factors that might have influenced treatment decisions. Exposure to febuxostat was determined by the presence of a prescription claim; this does not necessarily mean that the drug was taken. This is an inherent limitation in measuring adherence using claims data. While sUA was measured as a continuous variable, a logistic model was developed using sUA goal attainment as a binary outcome. Logistic regression was chosen to allow for simpler interpretation of the results for clinicians. The linear model was also developed with sUA as a continuous variable to confirm results from the logistic model.
Conclusion
This study found that among febuxostat users diagnosed with gout in a real-world setting, adherence to febuxostat and lower baseline sUA level were the strongest predictors of attain- ing sUA goal. These findings may help clinicians identify appropriate patients most likely to benefit from febuxostat treatment and underscore the importance of medication adherence in this challenging patient population.
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